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TEST _SULTS FR(R _E EASA/ROCEWEI_ _C_AL

SPACE_ __ _CL_ _T _ A 0.0175-

A (_85)

J. W. Youst
Shuttle Aerosciences

Rockwell International, Space Systems Group

A_STRACT

Test IH85 was conducted in the AEDC-VKF Supersonic Wind Tunnel A to

obtain convective heat-transfer rate distributions on the Space Shuttle

Integrated Vehicle during simulated first-and second4tage conditions of

the flight profile. The test model was a 0.0175-scale model (60-OTS) of

the Rockwell Internation_l Vehicle 5 confi&_tration. Model configurations

tested included the Integrated Vehicle and the Or_iter/Ertern_l Tank

with the Solid Rocket Roosters removed. The tests were conducted at

Mach numbers 3 and 4 using the thin-skin thermo@ouple technique.

Simulated unit Reynolds numbers were 3.7 x 106 at Ms2h 3 and 4.1 x 106

at Mach 4. The model was tested at angles of attack of 0, +5 and -i0

degrees and at sideslip angles of O, -+3, -+4.5, -_, -+7.5 and -+9 degrees.
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INTRODUCTION

Test IH85 was conducted in the 40-inch Supersonic Wind Tunnel (A)

at the yon Karman Gas Dynamics Facility (VKF) during the period April 19

through 26, 1978, under ARO Project Number V41A-W5. Data were recorded

at Mach numbers 3 and 4 at freestream unit Reynolds numbers of 3.7 x 106

and 4.1 x 106 per foot, respectively. The model angle-of-attack varied

from -i0 to 5 degrees with model yaw angles varying from -9 to 9 degrees.

Two model configurations, the OTS configuration composed of the fully

integrated model with the orbiter, external tank (ET) and both solid

rocket boosters (SRB); and the OT configuration consisting of the or-

biter and the external tank, were tested.

The objective of the test was to obtain updated supersonic heat-

transfer rate distributions on the Space Shuttle Vehicle configuration

VC72-000002F during simulated first- and second-stage conditions. Data

were recorded from instrumentation on the orbiter, external tank and

both solid rocket boosters.

Data were obtained for 79 various operating conditions using as

many as ten instrumentation configurations. A total of 338 runs or data

groups were obtained for the test operating/instrumentation matrix (see

Tables I and II).
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NQ_ULA_

PLOT
SYMBOL MI_IONIC

a 1, a2, a 3

AIAZ_A PREBEND

ATJ_K, as SECTOR

b

cp

C.R.

dTw D_Y9

dt

hi HI

hREF

h_

hC_o)

h(.95T o)

hC_o)

HREF

HU

X

K(.95_)

H

MAtH

DEFIXl"TI Cff

constants used to calculate R, defined in
context

sting prebend angle, degrees

tunnel sector angle, degrees

model wall thickness, inches

model wall specific heat, BTU/lba-°R

center of rotation

derivative of model wall tesperature with
respect to time, °R/see.

heat transfer coefficient in an interference

flow field, BTU/f_2-see-°R

reference heat transfer coefficient, based on

1-foot full scale radius s__ere, based on
Fay-Riddell theory, B_/ft -see-°R

8.17173 _ _o

Io._3_+_.3_• _o-_(,o+5_)I/_,o"_5
heat transfer coef_cient in enundisturbed
flovf_eid,_/_2.,eeoR

heat t!_nsfer coefficient, q/[To - TW],

BTU/_t_-see-OR

heat txansfer coef_icien% _[._T O - Te],
BTU/f_-see-°_

heat t_fer coefi_lelent, _I/[RE o - T_]_

_/_z-see-oR

freestreaa Maoh number

Mach nu_er at the edge of bo_ la_er

12



PLOT

SYMBOL

Lo

LS

LT

OTS

eo

Po 1

P
CO

q_

r

R

RN

RE/FT

SFR

SRB

t

Ti

T

MNEMONIC

L

L

L

OTS

OT

PO

PS

QDOT

Q(PSI)

R

RN/L

STN NO

T

NOMENCLATURE (Continued)

DEFINITION

orbiter reference length, inches

SRB reference length, inches

ET reference length, inches

mated space shuttle vehicle, orbiter, tank,

and SRB

space shuttle orbiter and external tank con-

figuration

stagnation pressure, psia

stagnation pressure downstream of a normal shock,

psia

freestream static pressure, psia

heat transfer rate, BTU/ft2-sec

freestream dynamic pressure, psi

recovery factor

analytical temperature ratio, TAW/T o

reference nose radius, scaled from 1-foot full

scale, ft.

unit Reynolds number, million per foot

theoretical stagnation point Stanton number for a

scaled l-foot full-scale radius sphere from Fay-

Riddell theory,

hREF/ (32.174 P_ V_ (0.2235 + 0.0000135{T o + 560}))

solid rocket booster

time, sec.

initial time, sec.

temperature, °R.

13



NCM_CIATURE (Continued)

PLOT

SD_OL

Te

To

Tw

Tw i

T_

Taw

T/C NO.

V_

W

Xo

Xs

x_

X/L

Y

YAW

Z

a m

Y

8

8BF

Pm_MONIC

TO

TW

TAW

T/C NO.

V

XO

XS

XT

x/T.

YAW

ALPHA

HETA

BDrLAP

DEFIFITI01

temperature at edge of boundary layer, OR

tunnel stilling chamber temperature, OR

model wall temperature_ oR

initial model wall temperature, OR

freestream static temperature, OR

adiabatic wall temperature, OR

thermocouple number

freestream velocity, ft/sec

model wall density, ibm/ft 3

orbiter longitudinal coordinate, inches

SRB longitudinal coordinate, inches

ET longitudinal coordinate, inches

longitudinal position as a fraction of

fuselage reference length

lateral coordinate, inches

model yaw angle, degrees

vertical coordinate, inches

model angle-of-attack, degrees

model angle-of-sideslip, ( _ = - YAW), degrees

ratio of specific heat of air

local model surface angle to freestream flow,

degrees

body flap deflection angle, degrees

14
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PLOT

SIMBOL

8e

8 SB

E

k

P

m

sI.rBBoIRXP_

e

i

0

S

T

oo

O

MHEMONIC

SPDB_

_HETA

MU

I_O

PHI

NCMENOLATURE (Concluded)

DEFLNXTX_

elevon deflection angle, degrees

speed brake deflection angle, degrees

combination of model roll angle and _ or

degrees

external tank angular measurement, degrees

local model deflection angle, degrees

viscosity, ib-see/ft 2

density of air, slug/ft3

orbiter angular measurement, degrees

solid rocket booster angular measurement,

degrees

local condition at edge of boundary layer

initial condition

orbiter

SRB

ET

freestream condition

stagnation condition
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Test T_85 operating conditions and run schedule are presented in

Tables I and ]_, respective_v. Table I presents tunnel conditions and

model attitude conditions. Table IT presents data groups for each set

of test operating conditions.

The majority of material in the text of this report was taken

directly from Reference 5.

16



The 60-OTS model is a O.0175-scmle thin-skln _hermocouple model of

the Rockwell International Vehicle 5 configuration. A sketch of the Space

Shuttle Integrated model is shown in Figure i. The model was constructed

of 17-4 PH stainless steel with a nominal skin thickness of 0.030 inch

at the instrumented areas. All theraocouples were spot-welded to the

thin-skin inner surface.

Data were obtained for the orbiter, external tank, and both the

right and left SP_ (as viewed by the pilot). Two model configurations

were investigated during this test. The fully integrated model with the

orbiter, external tankl and both the right and left SB waJ designated

the OTS configuration. The OT configuration ccmsisted of o:_,V the

orbiter and external tank co_blnation with the forwax_ and aft SRB

attachments installed on the external tank. The model configurations are

listed under the model headings in the tabulate_ data.

The spike nose tip (lO-degree sharp cone) was installed on the

external tank, Figure 2. The external tank reference length of 32.295

inches in model scale is based on the tank length with the nipple nose

attached. This reference length was retained for consistent values of

X/L.

The inboard elevens on the orbiter were deflected down i0 degrees

throughout the test. Outboard elevons, orbiter speed brakes, and the

body flap were set at zero deflection.

Boundary layer trips were used on the brbiter and on each SRB to

17



COSl_J_TICS8 I]mESTIOaTED (Concluded)

generate a turbulent boundary later. The trips consisted of O.O20-inch-

diameter balls spaced on O.060-inch centers around a form fitted steel

strip. The trips were located at an X/L of 0.O_ on the orbiter nose and

0.19 on the nose of each SRB. The nose shape on the external tank

effectively tripped the boundary layer.

The installation of the OTS configuration in Tunnel A is illustrated

in Figure 3.

Nomenclature used to describe model 60-OTS components of the Vehicle

5 configuration are as follows_

Component Definition

B62 fuselage

012 canopy

E52 elevon

FIO body flap

MI6 GNS pods

RI8 rudder

V8 vertical tail

Wll 6 wing

T38 external tank (spike nose)

$26 booster solid rocket motor

Dimensional data for each model component are presented in Table III.

Model configuration drawings can be found in Reference 1.

18



INS_TION

Tunnel A stilling chamber pressure is measured with a 15-, 60-, 150-,

or a 300-psid transducer referenced to a near vacuum. Based on periodic

comparisons with secondary standards, the accuracy (a bandwidth which

includes 95 percent of the residuals, i.e., 2_deviation) of these trans-

ducers is estimated to be within-+0.2 percent of reading or _O.015 psi,

whichever is greater. Stilling chamber temperature is measured with a

copper-constantan thermocouple with an accuracy of -+3°F based on repeat

calibrations (2_ deviation).

The model temperatures were measured with over i000 iron-constantan

thermocouples with an estimated uncertainty of -+0.5 percent. During each

tunnel injection, data from a maximum of 97 thermocouples can be recorded.

Twelve sets of thermocouples were required to accommodate the large number

of thermocouples on this test. These sets are called Constant Sets in

the tabulated data. A list of the twelve Constant Sets is given in

Table IV. This list includes all of the thermocouples that were installed

for the test. Several of the listed thermocouples were determined to be

inoperative and these have been omitted from the tabulated data. A

total of three Constant Sets could be connected at one time. A three-

position selector switch was used to select the desired Constant Set for

each injection. A new series of three Constant Sets could be readily

connected using quick-disconnect thermocouple pings with 15 thermocouples

per plug.

The dimensional locations of the thermocouples at each position are
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INS_TION (Concluded)

given in Table IV.

shown in Figure i.

the external tank and both SRB's Ss the O-degree location.

with the reference system used in the IH72 test.

The angular reference system for the theraocouples is

It is important to note that the top centerline of

This agrees

2O



TEST FACILITY DESCRIPTION

The VKF Tunnel A is a closed-circuit, continuous-flow, variable-

density wind tunnel, and is equipped with a model injection system which

allows removal of the model from the test section while the tunnel remains

in operation. A description of the tunnel and air-flow calibration

information may be found in Reference 2.

Tunnel A has a 40- by 40-inch test section and an automatically

driven flexible-plate-type nozzle which provides Mach numbers from 1.5 to

6.0. The tunnel operates at maximum stagnation pressures ranging from 29

psia at Mach= 1.5 to 200 psia at Mach = 6.0. Minimum operating pressures

range from about one-tenth to one-twentieth of the maximum at each Mach

number. The stagnation temperature can be varied from an average minimum

of about 540 to a maximum of 750°R, depending upon Mach number and

pressure level.
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TEST P_EDURE

The 60-OTS model was sting mounted through the orbiter baH. _e

external tank and 81_B's were suspended beneath the orbiter by an adapter

which attached to the hack of the orbiter sting.

All instrumentation leads ps_se_ through the model stings and were

routed externally along the main sting for appraximately 3 feet to allow

for model roll.

In the VKF continuous-flow wind tunnel (A), the model is mounted on

a sting support mechanism in an installation tank directly underneath the

tunnel test section. The tank is separated f_l the tunnel by a pair of

fairing doors and a safety door. _hea closed, the fairing doors, except

for a slot for the pitch sector, cover the opening to the tank, and the

safety door seals the tunnel from the tank area. After the model is pre-

pared for a data run, the personnel access door to the installation tank

is closed, the tank is vented to the tunnel flow, the safety and fairing

doors are opened, and th@ model is injected i_to the airstream. After

the data are recorded, _he model is retracted into the tank, and the

sequence is reversed with the tank being vented to atmosphere to allow

access to the model in preparation for the next run.

The initial step prior to recording the test data was to cool the

model uniformly to approxlmate_y 60°F with cooled high pressure air. This

was acc_plished by providing chilled air from a vortex generator (Hilsch

vortex tube, Reference 3) to a retractable cooling manifold. With the

model attitude set at zero pitch the cooling manifold _s positioned
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TEST PROC_ (Concluded)

around the model. Once the cooling cycle was complete the cooling _u_t-

fold was retracted, and the model attitude was established prior to tunnel

injection. The model was then injected into the tunnel. When the nwdel

reached tunnel centerline, the model was i_nediately translated forw_

to clear an area of tunnel-induced shock impingement. The thermocouple

outputs were scanned approximately 15 times per second starting prior to

model injection into the airstream and continuing about 5 seconds after

the model reached centerline. After es_h injection, the cooling cycle

was repeated to cool the model to an isothermal state.

23



• DATA REDUCTION

E_uations and Methods

The reduction of thin-skin thermocouple data normal_7 involves only

the calorimetric heat balance whioh in coefficient form is|

dTW/dt

K(_w) . _Cp _w-_w (l)

(l)

For this test a value of 0.95 TO was selected for TAW and equation

can be written:

d_/dt (z)
-(0.95T0) = W_Cp0.9_'O-TW

Radiation and conduction losses are neglected in this heat balance,

and data reduction simply requires evaluation of dTW/dt from the temper-

ature data and determination of model material properties. For the

present tests, radiation effects were negligible; however, eonduction

effects can be significant in several regions of the models. To permit

identification of these regions and to improve evaluation of the data,

the following procedure was usedz

Separation of variables and integration of equation (2) assuming

constant w, b, Cp, and TO yields

H(o.95TO)(t - tl) = n__95To (3)
WbCp

Differentiation of equation (3) with respect to time _ves:

o
wbcp "  n[o. TO
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DATA RED_ (Continued)

Since the left side of equation (4) is a constant, plotting

O.95T0 -Zn
[o.95To

versus time will give a straight llne if conduction i_ssnegligible. Thus,

deviation from a straight line can be interpreted as conduotion effects.

The data were evaluated in this manner, and generally a linear

portion of the curve was used for all thermocouples. A linear least-

square curve fit of _n I(0.95TO-TWi)/(O.95TO-TW)} versus time was

applied to the data. The data reduction time was delayed for all thermo-

couples that were influenced by the tunnel-induced shock until they had

cleared this region. The thermocouplee on the external tank and both

SRB's with an X/L greater than 0.9 were reduced starting 3.9 seconds after

centerline. The thermocouples with an X/L gre_ter than 0.2 on the

external tank and an X/L greater than 0.113 on each SRB but not exceeding

an X/L of 0.9 were reduced starting at 2.6 seconds after centerline. The

res,=ining thermocouples on the exter_l tank and each SRB were reduced

starting at centerline. The thermocouples on the orbiter with an X/L

greater than 0.055 were reduced starting at 2.6 seconds after centerline.

All other thermocouples on the orbiter were reduced starting at center-

line. The curve fit extended for a time span which was a function of the

heating rate, as shown on the following list.
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DATA REDUCTI_ (Continued)

No. of Points (Fit Len_h)

dTW
d-%--> 32 5

16 < dTW _ 31 7
dt

8<d--_-_ 16 9
dt

< dTW __ 8 13
dt

2< dTW__ 4 17
dt

1 < dTW _ 2 25
dt

dt

The above time spans were adequate to keep the ew_luation of the

right side of equation (4) within the linear region. The linearity of

the fit was substantiated by visual inspection of the cases in question.

This visual check of the data w_s done on the VKF graphles terminal.

Strictly speaking, the value of Cp for the material was not constant, and

the following relation

Cp = 0.0797 + (5.556 x 10-5) TW, (17-_ PX stainless steel) Btu/lbm°R (5)

was used with the value of TW at the midpoint of the curve fit. The

maximum variation of Cp over any curve fit was less than 1.2 percent. The

value of density used for 17-4 PH stainless steel was

w = _9o.o lb=/_3
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DATA REDUCTION (Continued)

Adiabatic Wall Temperature

The maximum available tunnel stagnation temperature for each Mach

number tested is listed in Table I. With these relatively low stagnation

temperatures, the difference between the model wall temperature and

recovery temperature was generally mnall in regions of peak heating. This

small temperature difference causes the calculation of the heat-transfer

coefficient to be very sensitive to deviations frca the actual adiabatic

wall temperature. Two v_lues of the heat-transfer coefficient have been

calculated based on an assumed constant recovery temperature, namely

H(TO) and H(O.95TO). To account for changes in the recovery temperature

a third value of the heat-transfer coefficient has been tabulated based

on an analytical temperature ratio, R = TAW/TO.

The analytical method for determining R was developed by Rockwell

International and has been used to calculate H(RTO). In this method,

the following relationships were assumed_

R = (6)
TO

and

r = 0.898 for turbulent flow

with r being the recovery factor and the subscript • identifying local

properties at the boundary=layer edge. From these relationships, the

temperature ratio can be defined ass
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_ATA REDUC_IO_ (Continued)

i +0.2 rMe 2
R m '

1 + 0.2Me 2
(8)

which is a function of the recovery factor and the local Maeh n_er.

_he local Mach number can be written

Me - % (X_, 8) (9)

where _ identifies the f_reestre_ property and 8 is the looal surface

angle of attack.

The local Math number can be appreciated by uming tangent cone flow

theory and was used in equation (8) to give R _ a function of M_ and

8 . Calculations of R were made for sever&l values of M _ and 8, and

the results were curve fit by Rockwell Xnternation_l° The following

equation resulted:

R(N_o, 8) - al+a2 • (sln

where al,

of al, a2,

a2, a3 are constants for a particular Nach number.

a3 used for this test are:

Moo al a2 _3

3.o o.93_5 0.ioo_ z.165

4.o 0.922 O.lOO_ 1.965

Standard matrix techniques, Beference _, were used to derive the

following relations for 8, as applicable to the model gecuetry.
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DATA (Continued)

_erez

= roll model + (180 -

8 = arcsln (sin A cos as + cos A cos _ sin as), deg.

= roll model + (0 + 180), deg.; for external tank

= roll model + (_ + 180), deg.; for left S_B

E _), deg.; for right S_

Additional information would have been required pertaining to the

directional cosines at each thermocouple location to calculate 8 on the

orbiter. This would be necessary since the orbiter model is not sym-

metrical about the axial centerline. However, this additional information

was not available so a modified approach was selected. The equations for

calculating 8 for the various thermocouples on the orbiter model are

shown in Table V.

The method used to calculate the analytical temperature ratio, R has

been applied to all of the data. The method represents a simplified

approach to present a more realistic evaluation of TAW. Km_ner, in

regions of separated flow or complex interaction, the values calculated

for R may no longer apply and should be used with extreme care.

Uncertaint_ of Measurements

The accuracy of the basic measurements (Po and To) was discussed in

B_sed on repeat calibrations, these errors

0.oo5 - o.5 

the Instrumentation section.

were found to be l

At'-.--2°= o.oo2 = o.L ,
Po

AT o
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_E_CTICW (Continued)

Uncertainties in the b_ic tunnel parameters _o and TO and the two-

siena deviation in Mach nmmber, determiued from test section flow

calibrations, were used to estimate uncertainties in the other freestream

properties, using the Taylor series method of propag&tion, i.e.,

(a__1 1) 2 0(_ 2/2 (_3 / 2 @(_n n) 2(Ay) a _ _ Ax + _x + _x 3 ...+ Ax (_)

where A F is the absolute uncertainty in the dependent pareaeter F = F(X1,

X2, X3 ... Xn) and Xn is the independent parsmeter (or h_sic measurement).

A Xn is the uncertainty (error) in the independent measurement (or

variable).

The computed uncertainties in the tunnel freestream conditions are

summarized in the following table.

Uncertainty, (+) percent of actual value

M _ M _ P_ q _ RE/FT

3.0 0.6 z.6 i._ 1.z

_.o o._ 2.4 1.5 1.Z

The uncertainty in model angle of attack (am), as determined from

tunnel sector calibration and consideration for possible sting deflec-

tions, is estimated to be -+0.5 degrees.

Estimated uncertainties in w, b, Cp in equation (2) combined with

computed uncertainties for (dTW/dt)/(O.95TO-TW) in the TaYlor series
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DATA REDUCTIO_ (Concluded)

method of error propagation gave the following uncertainties in the heat-

transfer coefficient for the listed range of values.

H(O.95TO), Btu

ft2-sec°R Uncertainty, percent (-+)

lo-2 9 • 5

].o-3 11

io-_ 12

The data were deleted from the results for thermocouples which consist-

ently exceeded the above quoted uncertainties.
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!TEST : IH85 (V_IA-WS)

.Zo
HI

DATE :

TEST CONDITIONS

I_OH
REYNOLDSNUMBER

(perunit length)

TO']gLT, PRESSURE

(pounds/sq.In.)

'TO

,,,

J
,I ,

,,

I

;TAGNATION TEMPERATURE

(degreesFahrenheit)

260

26O

BALANCE UTILIZED:

NF

SF

AF

PM

RM

YM

IlOIIE

COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:

COMMENTS:

I i
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TABLE III. MODEL _IONAL DATA

MODEL CCMP0_ENT: BO_f - B62

G_NERAL DESCRIPTION: Configuration I_OC orbiter fuselage, MCR 200-R_.

Similar to I_OA/B fuselage except aft body revised and improved

midbody-wing-boot fairing, Xo - 9_O to Xo - i0_O.

MODEL SCALE: 0.0175

DRAWING _R: VLTO-0001_OC, -000_ -000"205A

VLTO-OOO2OOB, -000203

DIMENSIONS:

Length (IML: F_D Sta Xo = 238), In.

Length (U_: FWD Sta Xo -Z35), In.

Max. Width (At Xo = 15_8.3),In.

Max. Depth (At Xo = 1464), In.

Fineness Ratio

Area, Ft 2

Max. Cross-Sectional

FULL SCALE MODEL SCALE

1290.3 22.58

1293.3 22.63

261t.0 _t.62

250.0 _.38

4.899 _.899

3_O.885 0.i04
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_SLE III. MODEL DIME_I(_L DATA (Continued)

MODEL CaMPOR_Tz CANOPY - C12

OERERAL DESCRIPTION_ Configuration I_OC orbiter canopy. Vehicle

cabin No. 31 updated to MCR 200-R4. Used with fuselage B62.

MODEL SCALE: 0.01"(5

DKAWlRO _RJMBER: VLT0-O001_0C, -000202B, -000204

_I(JS:

Leith (XO = 434.643 to 5"(8), In.

Max. Width (At Xo = 513.127), In.

Max. Depth (Zo = 501 to 449.39), In.

FeLL SCALE

143.357

152.4m

51.61

MaDEL SCALE

Z.508

2.66'(

0.903
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TABLE III. MODEL D]24ENSIONAL DATA (Continued)

MODEL CC_[PONE_/: ELEVON - E52

G_NERAL D_SCKIPTION: Elevon for configuration 14OC. Hingeline at

Xo = 1387, elevon split line X_ = 31_.5, 6.0", beveled edges, and
centerbodles.

MODEL SCALE: O.0175

DRAWING Ni_4BER: _LT0-OO01_OC, -006089, -006092

DIMENSIONS:

Area, Ft 2

Span (equlvz!ent), In.

Inb'd equivalent chord, In.

0utb'd equivalent chord , In.

Ratio _ovab!e surface chord/

total surface chord

At Inb'd equiv, chord

At Outb'd equiv, chord

Sweep Back Angles, degrees

Leading Edge

Trailing Edge

Hingeline

Area Moment (Product of area & _), Ft3

Mean Aerodynamic Chord, In.

Hingeline dihedral (origin at

Zo = 261.3509), des.

FULL SCALE MODEL SCALE

zlo.o o.o6_

349.2 6.111

118.o 2.065

55.19 0.966

o. )6 o.2o96

o.hoo_ o.4oo_

O.0 0.0

- 1o. 056 - lO. 056

0.0 0.0

1587.z5 o.oo8

90.7 1.587

5.129 5.229
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TABLE III. MODEL DIMENSIONAL DATA (Continued)

MODEL C(_4PONENT: BODT _ - FI0

GENERAL DESCRIPTION: Configuration I_OC bc_y flap.

st Xo = 1532, Zo = 287.

Hingeline located

MODEL SCALE: 0.0175

DRAWING NUMBER: VL70-O001_0C, -35511_

DIMENSIONS:

Lemgth (Xo = 1525.5 to Xo = 1613), In.

Max. Width (At L.E., Xo = 1525.5), In.

Max. Depth (Xo = 1532), In.

Area - Ft2

Max. Cross-Sectlonal (At H.L.)

Planform

_se (Xo - 1613)

FULL SCALE

87.50

256.00

19.7_m

35.196

135.oo

_.89

MODEL SCALE

1.531

_._8o

0.3_6

0.011

o.o_1

o.oo15
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TABLE III. MODEL DIMENSIONAL DATA (Continued)

MODEL C(MPO_ERT: CMS POD - MI6

GENERAL DESCRIPTICN: Configuration I_OC orbiter CM8 Pod - short pod.

MODEL SCALE: 0.0175

DRAWI_ _ER: VLTO-O08_OI, -008410

DIMENSIONS:

Length (CMS Fwd Sta Xo - 1310.5), In.

Max. Width (At XO = 1511), In.

Max. Depth (At Xo = 1511), In.

Fineness Rstio

Area - Ft2

Max. Cross-Sectional

FJLL SCALE MODEL SCA/_

258.5O 4.524

136.8 2.394

7_.7o 1.3o7

_._ 2._4

58.864 0.o18
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TABLE III. MODEL DIMENSIONAL DATA (Continued)

MODEL CG_PONEI_:

G_ERAL DESCRIPTION: The rudder is a seeomdmzy movable airfoil at the

trailing edge of the vertical fin that iml_rts yaw forces. This
dimensional data was calculated from the (_[Lmaster dimensions.

MODEL SCALE: 0.0175

DRAWING NUMBER: Vehicle 5 Configuration MCR 200, Rev. 7

DIMEHSI 0NS :

Area, Ft 2

Span (equlvalent), In.

Inb'd equivalent chord, In.

0utb'd equivalent chord, In.

Ratio novable surface chord/

total surface chord

At Inb'd equiv, chord

At 0utb'd equiv, chord

Sweep Back Armies, degrees

Leadi_ Edge

Trailing Edge

Hingellne

Area Moment (Product of Area & _), Ft3

Mean Aerodynamic Chord_ In.

FULL SCALE MODEL SCALE

97.8_ 0.030

198.61_ 3._76

91.o7 1.699

50.8o 0.889

o._o o.4oo

o._oo o.4oo

34.833 31t.833

.21t9 26.249

3a+.833 3a+.833

593.889 0.032

72.8_0 I.u:'75
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TABLE Ill. MODEL DIMENSIONAL DATA (Continued)

MODEL COMPONENT: VERTICAL _AIL - V8

GENERAL DESCBIPTION: Configuration I_OC orbiter vertical tail

(Identical to configuration I_OA/B vertical tail).

MODEL SCALE: 0.0175

DRAWING NUMBER: 9170-0001400, -O001_6B

DIMERBIGNS: FULL

TOTAL DATA

xom 

Area (_eo.), ft2

Planform 413.253 o.227

Span (Theo.), in. 315.72 5.350

Aspect Ratio 1.675 1.675

Rate of Taper 0.507 0.507

•Taper Batio O. _O4 0.40_

Sweep Back Allies, degrees

Leading Edge

Trailing Edge
0.25 El_ent Line

45.000
26.25

41.13

_5.ooo
26.25
AI.I3

Chords:

Root (Theo.) WP

Tip ('lheo.)WI'
MAC

Fus. Sta. of .25 MAC

w.P. of .25 MAC

B.L. of .2_ MAC

268.5O
lO8.47
199.81
l_63.35
635.52

0.0

4.699

1.898

3.497

25.609
11.122
0.0

Airfoil Section

Leading Wedge Angle, deg.

Trailing Wedge Angle, deg.

Leading Edge Radius

i0.00

l_._
2.00

i0.00

2.00

Void Area 13.17 0.0040

Blanketed Area 0.0 0.0
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TABLE III. MODEL DIMENSIONAL DATA (Continued)

MODEL COMPO_: _ - Wll 6

GENERAL DESCRIPTION: Configuration 5. NOTE: Identie&l to Wl1_ except
airfoil thickness. Dihe_-al s_gle is along trailing edge of wing.
Geometric twist = O.

MODEL SCALE: 0.0175 DRAWING NO. : VLTO-OOOI_IA, -000200
DIMENSIONS: FULL SCALE
TOTAL DATA

Area ('_eo }, _2
Plan form 2690.0

Span (Theo.), in. 936.68

Aspect Ratio 2.265

Rate of Taper 1.177

Taper Ratio 0.200

Dihedral Angle, degrees 3,500

Incidence Angle, degrees 0.500

Aerodynamic Twist, degrees

Sweep Back Angles, degrees

Leading Edge 45.000

Trailing Edge - 10.056

0.25 Element Line 35.209

MODEL SCALE

0.824
16.39Z
2.265
1.177
0.200

3.500
0.500

45.000
- io.o56
35.2o9

Chords:

Root (Theo.) B.P.O.O. 689.24 12.062

Tip, (Theo.) B.P. 137.85 2._12

MAC _7_.8l 8.309
Fus. St&. of .25 MAC 1136.83 19.895

w.P. of .25 MAC 290.58 5.085
B.L. of .25 MAC 182.13 3.187

EXPOSED DATA

Area (Theo.), ft 2 1751.50 0.536

Span, (Theo,), in. BPI08 720.68 12.612

Aspect Ratio 2.059 2.059
Taper Ratio 0.245 0.245
Chords

Root BPI08 562.09 9.837
Tip LO0 b/2 Z37.85 _._12
MAC 392o83 6.875

Fus. St&. of .25 MAc 1185.98 20.755
W.P. of .25 MAC 29_.30 5.150

B.L. of .25 MAC S51.77 _._o6
Airfoil Section (Rockwell Mod NASA) XXXX-6k

Root b/2 = O. 113 O.113

Tip b/2 = O.120 O.120

Data for (I) of (2) Sides

Leading Edze Cuff

Planform Area, ft2 i13.18 0.035

Leading Edge Intersects Fus M.L. @ St& 500.00 8.750

LeadlrLg Edge Intersects Wing @ St& i02_.00 17.920
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TABLE III. MODEL DIMENSIONALDATA (Continued)

MODEL COMPOI_T:

GENERAL DESCRIPTION:

EXTE_ALTA_K - T38

Spike nose eonfiguz_tion.

MODEL SCALE:

DRAWII_ NUMBER:

DIMENSIONS:

Length

Max. Width

Max. Depth

Fineness Ratio

Area - Ft 2

o.oz75

VC72-O0OOOST
VC'78-0000o'_

Max. Oross-Seetional

Shuttle Conf_8° DrawlDg)

FJLL SCALE

Z850.525

331.00

5.687

594.678

MODEL SCALE

32.384

5.792

5.687

O. 18_i
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TABLE III. MODEL DIMENSIONAL DATA (Concluded)

MODEL COMPONENT: BO(STZR SOLID ROCKET l[OT(m - S26

GENERAL DESCRIPTION: The _RM is an externa_ propulsion system which

is Jettisoned and recoverable after burnout. _e _Sl_'s can be
refurbished and reused after recovery.

MODEL SCAL_: o.o175

DRAWI_ _J_BER: SRB Drawing - VC77-O0000_0, VC77-OOO003F
Shuttle Conflg. - V_2-O0000_

DIMENSIONS: ]_'LL SCALE MODEL SCALE

Length

Max. Width tank Dia., In.

Max. Depth, ai_ shroud dia., In.

Fineness Ratio

W.P. of BSRM centerline

F.S. of BSRM nose

1789.6o 31.318

i_6.oo 2.555

Zo8.2o 3.643

8.5 8.5 

400.0

743.O

B.P. of BSRM centerline _50.5

49



NO.

1

2

3

5

6

7

8

9

i0

n

12

13

14

15

16

17

18

19

20

21

_/c x# e

615

616

617

618

619

6eo

621

622

623

624

625

626

627

628

629

63o

631

632

633

63_

635

.38

.385

•39

.395

._0

.405

._l

• 415

.4e5

._3

.44

.4_5

.45

._55

.46

.48

.49

.5o

.55

0

_XEm40CO[IPLE CO_TArf SKi'S

CmmTk]_ SET 111
i

CH. T/C
NO.

_'_ 636

23 637

24 638

25 639

26 6_o

27 64z

28 6_

29 643

30 6_

3z 645

32 6_6

33 6;48

34 649

35 650

36 651

37 652

38 653

39 654

_0 655

41 656

k2 657

x/L

.60

.65

.70

.75

.80

.85

.86

.87

.88

.89

.90

.926

.95

.35

.36

.37

•375

.38

•385

.39

.395

0

11.25

5O



CH.

NO.

45

_7

_9

5o

51

5z

53

54

55

56

57

58

59

6o

61

6Z

63

TABLE IV. gI{E_0COUPLE CONS_ SETS (Continued)

_'Ic

658

659

660

676

677

678

679

680

681

682

683

684

685

686

68?

688

689

690

691

69Z

693

x/_

._o

.85

.86

.87

.88

.89

.9o

.91

.926

.95

.33

.3_

.35

.36

.37

.375

.50

.60

.7o

ll.Z5

17

_/c x/_

69_ .80

695 .8?

696 ._6

OPEl

OP_

699 .05

7oo .07

701 .I0

?02 .15

703 .20

7o4 .30

705 .35

706 .375

707 .50

708 .60

7o9 .70

71o .80

7zz .87

7_ .sr_6

OP_

17

29.8

51



(_. T/C

NOt

85 715

86 716

87 717

88 718

89 719

9o 72o

91 721

92 722

93 723

9_ 724

95 725

96 726

97 727

TABLE IV.

I

x/T.

.05

.o7

.i0

•15

.20

.30

.35

•375

.50

.60

.70

.80

.87

_]_R4OCOOPLE CC_STAI_ SETS (Continued)

EXTERNAL TANK

C0NSTART SET ill

8

37.7

52



TABLE IV. _ERMOCOUPLE CONSTAB_ SETS (Continued)

CH.

NO.

1

2

3

4

5

6

7

8

9

lO

11

13

z4

15

16

17

18

z9

2O

21

rlc

728

OP_

OP_

2181

2182

2"83

2184

2185

8_3

844

8_5

8_

847

8_

8_9

850

851

852

853

854

855

X/T. 0

•926 3"r.7

I

4
.o1 18o

.oz5

.02

.025

•08 1

.3o 292.5

.33

.35

.37

.40

.45

•50 i

I
•55 i

I

.60

.65

.70

.75

.80

i

EKTEm_.L TAmE
CORSTART SET 122

• /c x/_ o

856

857

858

859

860

861

862

863

864

865

866

867

868

869

870

872

888

889

890

891

.9o

.84

.85

.86

.87

.88

.89

.9o

.91

.m6

.8o

.81

.Be

.83

.o_

.05

.06

.85

.86

.87

.88

309.3

315
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C_.

NO.
,,L

43

45

46

47

48

49

5o

51

i 52

[53

55

56

57

58

59

60

61

62

63

TABLE IV.

T/c

892

893

89_

895

896

897

898

899

9oo

9oi

902

9o3

90_

9o5

9o6

907

908

909

91o

911

912

_ER4OCC_LE CONSTA/_ SETS
EXTmmAL TAIK

CC_STAW_ SET 122

x/i.

.89 315

•90 I

.91

.9e6

.95

.42 322.3

•435 I

!
•_5 i

50
" I

.60

.70

.8o

.87 '_

.42 330.2

.435

.45

.50

.6o

.70

.8o

.87 I

(Continued)

_Ic

913

914

915

916

917

918

919

9_o

921

922

923

92_

925

926

927

928

929

930

931

932

963

xl,

.935

.945

.o_

.05

.O6

.O7

.o8

.i0

•15

.20

._35

._5

.85

.87

.89

.90

.91

.455

330.2

337.5

3_

54



NO.

85

86

87

88

89

90

91

92

93

94

95

96

97

._ERg0C(XIPLECONSTANT SETS (Continued)
EXTERNAL TARK

COWSTAW_ SET 122

T/c x/T e

3_8964 .46

965 ._7

966 ._

967 ._9

968 .8_

969 .86

97o .87

971 .88

972 .89

973 .90

97_ .91

975 .926

976 .95
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CH. T/C
NO.

2 2187

3 el88

4 985

5 986

6 987

? 988

8 989

9 99o

lO 991

ll 992

12 993

]-3 994

14 (P_

15 995

16 OPEN

17 oP_

z8 oPm

19 20o0

20 2001

21 2002

22 2003

23 2OO4

24 OP_

25 2005

26 2006

TABLE IV.

X/L e

.02 0

.025

,O 3 II

.oh 2?0

.05

.06

.07

.08

.iO

.15

.20

.01 39

.o25 !

.03

•_35

•569

.7o3

.836

.899

.476

.511

_HER4OCOUPLE CONSTANT SETS (Continued)

39

23.07

31.43

t

_TAIK
COWSTA_ s_ 133

i T

a" T/c x/L
NO.

27 2007 .5_6

28 2oo8 .58].

_9 2009 .616

30 20].0 .65].

31 o1,_1

3z oPm_

33 oPm

34 20].4 .686

35 20].5 .720

36 20].6 .756

37 2o17 .790

38 20].8 .825

39 20].9 .86O

ho 2020 .895

41 2o21 . _1

2022 .476

_3 2023 .5_

202_ .5_7

_5 zo25 .582

_6 2026 .6x7

.652

_8 2o'28 .687

49 2029 .723

50 2030 .758

51 203]. •793

52 2032 .828

3z.43

31.43

326.9

56



NO.

53

54

55

56

5?

58

59

6o

6z

62

63

64

65

66

67

68

69

To

?z

T2

?3

_IV.

2O33

2034

2035

2O36

2037

2038

2039

2O4O

20_i

2O42

2043

2o44

2045

2o_6

20_,7

2048

2o_9

2050

2o51

2052

2053

•I_ERMOCOUPLECONSTANT SETS (Continued)

x/I, o

•864 326.9

•899

• 934 ,I

.250 k5

.300

.325

.350
i

.375

.4o0

.420

.425

.430
!

435 i• I

.iv_ !

.45

.41'

.55

.60

.65

.1'5

.80 lr

m'l'EmmI., _AltK
cmm_ SlAT133

1'4 2054

75 2055

"/'6 2056

77 2o51'

78 2058

79 2059

8o 2o6o

81 z,o61

82 L_5_

83 2O63

84 2o64

85 zo65

86

81' 2o67

88 ;.'o68

89 2o69

9o 2070

91 2o71

92

93

9_
95

.83

.84

.85

.86

.8?

.88

.89

.9O

.91

. 26

.935

.945

.30

.325

.35

.Yf5

.4o

o

45

I
I

36.32

i

57



C_.

NO.
I

1

2

3

4

5

6

7

8

9

lO

ll

12

13

14

15

16

17

18

29

20

21

TABLE IV. _{E_4OCOUPLE CONSTANT SETS (Continued)

T/c

2089

2O88

2087

2090

2091

x/L

.937

.937

.937

•355

•360

352.2

289.4

250.6

29.8

2092

2093

2094

2095

2096

2O97

2098

2099

21oo

21Ol

21o2

OPEN

2104

2105

2106

21o7

.365

• 370

• 355 23.08

.360

.365

•370 l r

•355 20.98

•360

.365
i

•370 1

• 355 1%o

.boo 330.2

.4o5

.410

.400 326.8

T/c x/L

2108 ._o5

2109

2110

2111

2112

2113

211_

2115

2116

2117

2118

2119

2120

2121

2122

2123

212_

2125

OP_

2127

2128

.h05

.410

.410

.835

.820

.830

.835

.820

.83o

.835

.8_o

.85

.86

.87

.88

.89

.9o

.925

.935

8

326.8

324.5

324.5

315

309°3

305._

3Ol.5

3oz.5

3Ol.5

58



TABLE IV. q_4E_40COUPLE CONSTANT SETS (Continued)

CH.

NO.

_3

1,4

1,5

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

6]

62

63

Tic

2129

2130

2131

2].32

2].33

2134

2135

2136

2137

2138

2].39

2140

2]._i

21_

2].43

2144

2145

2147

21h8

2]._9

x/_.

.82

.83

.84

.85

.86

.87

.88

.89

.91

.926

.93

.926

.93

292

299._

27o

258

250.6

277.5

289.4

27O

2_8

250.6

2_7.5

EXTmmAL TARK
COICBTAI_ SET 211

_/c x/T.

2150 .935

2151 .935

2152 .926

2153 .926

2154 .926

OP_

OPEH

OP_

2158 .926

216o .926

2161

2162

2163

2164

27O

258

33.75

31.75

23.o7

355.2

OP_

2166 ._1

2167 •_5

2168

2169

2170

345.2

335

330.2

326.9

324.5
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NO.

85

86

87

88

89

9o

91

92

93

9_

95

96

97

TABLE IV.

T/c x/L

2171 .h25

Z172 .43O

2173 i

2174

2175

2176 1

600 .04

6ol .05

602 .06

603 .07

604 .o8

605 .i0

606 .15

_ERMOCOt_LE CONSTAI_ SETS (Continued)

EgTERNAL TAHK

_ONSTAI_ SET 211

17

337.5

345.6

354

5.63

17

O

6O



CH.

NO.

1

2

3

4

5

6

?

8

9

iO

ii

12

13

14

15

16

17

18

19

20

21

6O7

608

609

610

611

612

613

614

1_78

15oo

15o1

15o2

15o3

1504

15o5

15o6

15o7

15o8

15o9

z5zo

1511

Applies

TABLE IV.

xl .

.2O

.21

.22

.30

.35

.36

.37

.375

.937

.953

.965

.9?5

.985

.995

.953

.967

.980

.994

.954

.953

.967

_ER40COUPLE CONSTANT SETS (Continued)
EXTER_ML TANK AND RIGHT Sl_

C0_START SET 222

0

263

0

24

23

22

21

3O

36

323

C_.

NO.

through Channel 8,

1512

1513

1514

1515

23

25

26 1516

&'[ 1517

18 1518

29 1519

30 1520

31 1521

32 zSSe

33 1523

31. 1524

35 1525

36 15_6

37 1517

38 1528

39 1529

_o 153o

41 1531

1532

s%ma-ts wi%h Channel 9

.980

.991.

.953

.953

322

321

315

306

.967

.980

.991,

.953

.965

.975

.985

.953

.967

.953

.965

.975

.985

.995

.954

.953

.96?

3o8

3o8

3o8

231.

230

230

230

225

225

216

217

218

219

220

210

156

157

61



TABLE IV.

CHO

NO.

44

45

_6

47

48

49

5o

51

52

53

54

55

56

57

58

59

60

61

62

63

64

T/c

1533

1534

1535

1536

1537

1538

1539

15ho

1541

1542

1543

15_

1545

1546

1547

1548

1549

155o

1551

1552

1553

1554

x/L

.98o

.994

.953

.967

.98o

.994

.954

.953

.967

.98o

.994

.953

.965

.985

.9?5

.985

.954

.995

.985

.995

.985

.995

q_F2_4OCOUPLE CONSTANT SETS (Continued)
EXTERNAL TAXK AND RICBT S_B

COBSTAWf B_T 222

158

159

20_

203

202

201

210

216

217

218

219

65

66

67

68

69

70

71

72

73

7_

75

76

77

78

79

80

81

82

83

8_

85

86

320

3eo

320

322.5

322.5

330

3_o

345

345

350

350

T/c x/r,

1555 .953

1556 .985

1557 .96_

1558 .978

1559 .982

156o .954

1561 .975

1562 .954

1563 .982

1564 .975

1565 .982

1566 .95_

1567 .964

1568 .975

1569 .982

1570 .975

OP_

OP_II

1574 .971

1575 .978

355

355

33o.7

33o.7

32o

324

324

336

i 334

336

34o

3_

3_

3_

35o

353

11

ii

62



TABLE IV. _E_40COUPLE CONSTANT SETS (Continued)

EXTERK%L TAlK AID RI_T SRB

;GISTART SET 222

cH. T/c x/_
NO.

87

88

89

90

91

92

93

94

95

96

97

63



C_e

NO.

1

2

3

4

5

6

?

8

9

i0

11

12

13

Z4

15

16

17

18

Z9

2O

21

TABLE IV.

T/c

oP_

227

228

229

23o

234

238

239

24o

2_i

2_

392

393

394

395

oPeN

?

8

9

io

ii

x/r

.60

.65

.70

.75

.40

.60

.65

.70

.75

.8O

.60

.65

.TO

.75

.05

.O6

.O7

.08

.09

_ER4OC0UPLE CONSTANT SETS (Continued)
0REITn

CCMSTAF_ SET 233

T/c

157.5

135

llh

0

NO.

23 _07

2_ 208

25 Z3

26 14

27 15

28 16

29 17

30 18

3z 19

32 299

33 300

3_ 3oi

35 302

36 (P_

37 3o4

38 305

39 306

4o 308

_1 309

_2 31o

.io

.io

.lO

.12

.13

.I_

.15

.16

.17

•18

.8_3

.8_3

.8_3

.862

.862

.862

.862

.88Z

.88Z

.881

6

o

20

2_.5

0

64



C_.

NO.

43

44

_6

_8

49

5o

5z

52

53

5_

55

56

57

58

59

6o

6z

62

63

TABLE IV. _ERMOCOUPLE CONSTANT SETS (Continued)
0RJX--T_R

_01STAWT SEt 233

.88z

.881

.920

.9eo

.92o

.92o

.920

.939

.939

.939

.939

.939

.978

.978

.978

.978

.978

.997

.997

.997

:" T/c
NO.

64 335

65 337

66 338

67 339

68

69 183

70 185

7z 187

72 _m

73 19o

74 5O6

75 5o9

76 515

77 521

78 522

79 523

311

oP_

312

315

316

317

318

319

320

321

322

323

325

327

328

329

33O

331

332

333

334

xh

.997

1.01

1.01

1.01

.55

.65

.8o

.868

.847

.839

.858

.870

.837

9

18o

18o

8o

81

8Z

83

84

527 ._1

534 .830

538 .868

.833

20 .19 0

65



C_o

NO.

85

86

87

88

89

90

9]

92

93

94

95

97

TABLE IV. _EI_4OCOUPLE CONSTA_ SETS (Continued)

COWSTAWT SET 233

.20

.25

.30

.35

.4O

.45

.50

.55

.7o

.75

.9o

0

r

21

23

2_

25

26

28

29

OP]_

32

33

36

OPEN

i

66



C_.

NO.

1

2

3

4

5

6

7

8

9

i0

II

12

13

14

15

16

17

18

19

20

21

TABLE IV.

i000

i001

1002

lOO3

lOO4

1005

1oo6

1007

10o8

1009

i01o

i011

1012

1o13

1014

lO15

1o16

lO17

1018

1019

1020

_IERM0COUPLE CONSTANT SETS (Continued)

LE_T Sl_
C0RBTART SET 311

1021

23 1ooo

24 1o23

25 1o2_

26 1025

27 1o26

28 lO27

29 1o28

30 10s9

31 103o

32 lO31

33 lO32

34 lO33

35 lO34

36 lO35

37 1o36

38 lO37

39 lO38

40 lO39

41 lO4O

1o41

x/L

.171

.20

.30

.4o

.50

.55

.60

.65

.70

.80

.875

•925

.953

.967

.980

.994

0

.002

.008

•050

q,

50

90

I I

67



TABLE IV. q_EI_4OC0UPLE CONSTANT SETS (Continued)

C_•

NO.

43

44

45

46

47

_8

49

5o

51

52

53

54

55

56

57

58

59

6o

61

62

63

Tic ¢

lOP

1043

1044

1o45

1046

1o47

1048

Io49

io5o

1o51

1o52

io53

lO54

io55

1056

1057

1058

1059

106o

1061

1062

.lO

.12

.127

.134

•173

.180

•186

• 193

.20

•25

.30

•40

.50

•60

•70

•75

.80

.875

.925

•953

.967

90

LEFT SRB
CONSTANT SET 311

C_e

NO.

64

65

66

67

68

69

7o

71

72

T/c

1o63 .980

1064 •994

1065 .ll5

1066 .143

1067 •171

1o68 .2o

lO69 •30

1o7o •50

1071 • 60

73 1072

7_ lO73

75 lO7_

76 112.4

77 1125

78 1126

79 1127

8o 1128

81 1129

82 113o

83 1131

8_ 1132

.7o

.80

•953

•177

.20

.30

.50

.60

.70

.80

•875

.925

¢

9o

9o

135

315

68



TABLE IV. _{EHM0COUPLE CONSTANT SETS (Continued)

LEaf SRB

........................................CCISTAW_ SET 3ZZ
i

CHo

NO.

85

86

87

88

89

90

91

92

93

9_

95

96

97

T/C

1133

zz34

zz35

i136

12oo

12Ol

12o2

12o3

12o4

12o5

12o6

12o7

12o8

x/L

.953

.967

.98o

.994

.o43

.05

.o57

.o63

.090

.lO

.05

.09

.lO

3]-5

65

_r

35

i
v

Oi_IGII%AL

QuaLm,

69



r,

CH.

NO.

1

2

3

4

5

6

7

8

9

i0

ll

12

13

14

15

16

17

18

19

2O

21

T/c

1209

1210

1211

1212

1213

1214

1215

1216

1217

1220

1221

1222

1223

1224

1225

1226

1227

1228

1229

1230

1231

TABLE IV.

.05

.09

.lO

.043

.05

.057

.o63

.090

•io

.965

.975

.985

I .995

i .%5
i

.975

.985

.995

.965

.975

.985

.995

_I_E_4OCOUPLE CONSTANT SETS (Continued)

4.38

5

5

5

335

2o

4o

LEFt AND EIGHT SEB*
CONSTANT SET 322

C_.

NO.

22

23

24

25

26

2?

28

29

30

31

32

33

34

35

36

37

38

39

41

* Thermocouples on Left SHB (Channels 1-83),

}

T/c ¢

1232

L_33

OPeN

1235

1236

1237

1238

1239

OPEN

1241

1242

1243

1245

1246

1247

.724

.724

.724

.74

.74

.74

.74

.75

.75

.75

.771

o

225

1248

oP_

125o

1251

1252

.771

.771

.771

.771

Right 81{B (Channels

315

330

135

18o

225

I

315

0

135

225

315

135

180

225

315

o

135

84-97)

7O



CH
NO

43

44

45

47

48

49

5o

51

52

53

54

55

56

57

58

59

6o

61

62

63

TABLE IV. _{E_40C0UPLE CONSTANT SETS (Continued)
LE_T AND EIGHT SHB*
C0NSTAWr SET 322

.932

.932

.932

.932

.939

.939

.939

.939

.939

.953

.953

.967

.967

.98

.98

.994

.994

315

0

45

135

z8o

225

3]-5

45

135

138

162

138

162

138

J.62

138

].62

I_53

1254

oP_

1256

1257

1258

1259

1260

1261

OPeN

1263

1264

1265

1266

1267

1268

1269

1270

1271

m?2

1273

1274

1275

12q6

1277

1_78

1279

1280

1281

1282

1283

1284

1285

1286

1287

1288

1289

1290

1291

1291

1293

13o0

.953

.953

.953

.953

.967

.967

.967

.967

.98

.98

.98

.98

.994

.994

.99_-

.994

.12

.l_'

.13_

.173

.O25

302

342

198

238

302

342

198

238

302

3_

198

238

302

342

198

238

76

18o

* Thermoeouples on Left SEB ,%annels 1-83), Right SEB [Chann_
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TABLE IV. _{EI_4OCOUPLE CONSTA/_ SETS (Continued)

LEYT AND RIGHT SRB_

C_START SET 322

•075

•025

.o75

•025

•075

.ii0

.075

.090

•iO0

.ii0

180

270

270

O

5

5

2O

•075 35

.ii0 35

.Ii0 65

NO.

85 13o2

86 13o5

87 13o7

88 1311

89 1313

90 1314

91 1316

92 1317

93 1318

94 1319

95 1321

96 1322

97 1323

* Thermocouples on Left SRB (Channels 1-83), Right SRB (Channels 84-97)

72



CH. T/C
NO.

1 1324

2 1326

3 1328

4 1329

5 133o

6 1332

7 1334

8 1335

9 1336

io 1344

II 1345

].2 1346

13 1347

14 1348

15 1349

16 135o

17 1351

18 1352

19 1354

2o 1355

21 1356

* Thermocou_

TABLE IV.

.I0

.025

.o6

.075

.lO

.025

.o75

.i0

.136

.939

.115

.136

.30

.75

.815

.837

•884

.894

•939

.74

.75

_ER_0COUPLE CONSTANT SETS (Continued)

76

90

1o4

135

i

1

263

263

27o

277

337.5

337.5

LE_ AND RIGHT SHB*
co_s_ SET 333

_les on the RIGHT SRB (Channels

T/c

1362

1363

1364

1365

1366

1368

1369

1372

1373

1374

1375

1376

1383

1384

1386

1387

1388

1389

139o

1393

1394

xl,

.765

.815

.837

.884

.9o7

.74

.75

.915

.932

.939

.74

.75

.74

.75

.141

.148

•155

.162

.25

•74 90

.765 90

0

22.5

67.5

67.5

76

1-91), LEFT SRB (Channels 92-95)

73



TABLE IV.

__z - c_u- -_n-u_--- ._

'43 1395 .771

44 1396 .815

45 1397 •837

46 1398 .884

47 1399 .894

48 1400 •907

49 1401 .917

50 i_02 .932

51 1403 .939

i

52 1404 .120

53 14o5 i .127

54 1406 i .134

55 1407 .141

56 14o8 ! .148

57 1409 I .155

58 141o .162

59 1411 _ .173
I

60 1412 i .18o

61 1413 i .186

62 1414 I •193

63 1415 .200

_HE_MOCOUPLE CONSTANT SETS (Continued)

LEaf AND RIGHT SEB*
CONSTANT SET 333

¢

90

IO4

NO.

64

65

66

67

68

69

7o

71

72

73

74

75

76

77

78

79

8o

81

82

83

84

1416

1417

1418

142o

1421

1422

1423

1425

i_6

143o

1431

1432

1433

143a

1435

1436

1437

1438

1439

1440

1441

.250

.740

.750

.925

.932

.939

.4o

.98

.994

.953

.967

.98

.994

.953

.967

104

112.5

ll2.5

135

225

225

4.25

15.6

20

24.4

35.6

40

77.5

i I ---- j

* Thermocouples on the BIGHT SRB (Channels 1-91) LEFT SRB (Channels 92-95)
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C_o

NO.

85

86

87

88

89

9o

91

92

93

9_

96

97

TABLE IV. q_{ERMOCOUPLE CONSTANT SETS (Continued)

LEFT AND RIGHT SRB*

CCmSTAWr SET 333

T/c x/_ ¢

.98

.994

FWD

MOT

112.5

112.5

SEP

)ES

.18

.186

.193

•20

76

1442

1443

1444

1445

i_46

14_7

1448

1294

1295

m96

1297

* Thermocouples on the RIG_iTSRB (Channels 1-91) LE_9 SRB (Channels 92-95)
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TABLE IV. _HEi_4OCOUPLE CONSTANT SETS (Continued)

6

7

8

9

lO

ii

12

13

z4

15
i

16

z7

z8
i

j19

2O

21

i I1449

2 z45o

3 1451

4 1452

5 1453

1454

1455

1456

1457

1458

1459

1460

1461

1462

i_63

1464

i_65

1466

1467

1468

i_69

x/T. ¢

FWD. SEP.
MOq )I_S

.2 277

.4

.5

.6

.7

.9

.921

EIGHT SRB
CONS_ SET 411

C_o

NO.

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

B7

38

39

¢/c

147o

1471

1477

1_79

1480

i_81

i_83

1484

1485

1486

i_7

1488

1489

149o

1491

:].492

]-493

X/L ¢

.928 277

•937 277

.928 263

9o

95

ll2

_0 , 1494

41 I 1495

42 1 1496

l

76
D__ _o(_ QUALDrY



TABLE IV. _E._MOCOUPLE CONS_L&NT SETS (Continued)

RIGHT SRB
CONSTANT SET 411

==T/C X/L 0

43 1 1497 140
I

44 1498

45 1499

46 1298

47 1299

48 13oi

49 13o3

50 13o4

51 13o6

52 1308

53 1309

54 131o

55 1325

56 1327

57 1331

58 1333

59 1337

60 1338

61 1339

62 1340

63 1341

15o

.008 18o

.o15

.05

.lO

•008 27o

•05 I
.10

.Ii 335

.008 o

.o15 90

.04 90

.008 135

•05 135

.30 263

.75

.815

.837

.884 f

NO.

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

8O

81

82

83

84

1343

1353

1357

1358

1359

136o

1361

1367

137o

1371

1377

1378

1379

138o

1381

1382

1385

1391

1392

1419

T/C x/L

1342 .894

•9o7

.907

.765

.771

.925

.932

.939

.724

.765

•771

.765

.771

•815

.837

.884

.907

.771

.55

.65

.771

¢

263

263

277

337.5

22.5

45

67.5

9o

9o

112.5

77



CH.

NO.
.--T--"---

35

_6

37

38

B9

90

91

92

93

9_

95

96

97

TABLE IV.

T/c

I_

i_2

1W_

1476

x/_

.925

.2

.4

.5

.6

.7

_EI_40COUPLE COITS_ SETS (Continued)
RIGHT SRB

C(3_STARTSET ;411

135

263

78



CH.

NO.

i

2

3

4

5

6

7

8

9

i0

ii

12

13

14

15

z6

17

18

z9

20

21

TABLE IV.

T/c x/, o

2089

2088

2087

209O

2091

2092

2093

2094

2095

2096

2097

2098

2099

2100

2101

2102

OP_

2104

2105

2106

21o7

.9371

9371

.937

.355

.360

.365

.370

.355

.36

.365

.37

.355

.36

.365

.37

.355

.40

.4051

.41

.40

_{ER40COUPLE CONSTAICr SETS (Continued)

352.2

289.4

250.6

29.8

23.08

20.98

I?

330.2

326.8

_TERKeL TARK
C0][START SET 511

CH.

NO.

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

_o

T/c x/i,

2108 .405

23.o9 .4o5

2].lO .4].

2]]3. .43.

23.12 .835

2113 .820

23.14 .830

•213.5 .835

23.3.6 .82O

2_7 .830

2].3.8 .835

2119 .840

2120 .85

212] .86

2122 .87

2123 .88

212_ .89

2125 .9o

oP_m

21a7 .925

2128 .935

326.8

324.5

324.5

315

309.3

3o5.

3o1.5

79



C_e

NO.

43

44

45

46

47

48

49

5O

51

52

53

54

55

56

57

58

59

6O

61

62

63

TABLE IV.

T/c

2129

2130

2131

2132

2133

2134

2135

2136

2137

2138

2139

2140

2141

2142

2143

21_4

2145

21h6

2147

2148

2149
J

TRE_40COUPLE CONSTANT SETS (Continued)

EXTEm_LL
CONSTA_ SET 511

X/L

.82 2_

.83

.84

.85

.86

.87

.88 !

.89
I

.91

.926

.93o _

•926 299 • 4

27o

258

250.6

•93 289.4

270

2,58

250.6

T/c

2150

2151

2152

2153

2154

OP]_I

OPeN

OP_

2z58

OPEN

2160

2161

2162

2163

2164

OP]_I

2166

2167

2168

2169

2170

.935

.935

.926

.926

.926

.926

._i

270

258

33.75

31.75

23.07

355.2

345.2

335

330.2

326.9

324.5

31.43

337.5

345.6

354

5.63

8O



NO.

85

86

87

88

89

9o

9Z

92

93

94

95

97

TABLE IV.

2171

2172

2173

217&

2175

2176

661

662

663

664

665

666

667

.h15

.43

.44

.45

.455

_]IEI_40COVPLECONSTANT SETS (Continued)

EXTERNAL TARK

CCIS_ SET 511

17

337.5

345.5

35_

5.63

].7

11.25

81



C_e

NO.

1

2

3

4

5

6

7

8

9

i0

ii

12

z3

z4

15

16

17

z8

z9

20

21

TABLE IV.

T/c

668

669

67o

671

672

673

674

675

812

813

814

815

816

817

818

819

820

821

822

823

824

.14EI_40COUPLE CONSTANT SETS (Continued)

x/T.

•_6 ZZ'25

.48

.49

•50

.60

.70

.80 'r

.4O 258

•23 270

.2h

.25

.27
i

.29
i

I

.30

.31

.32

.325

.33

.335

.3_

EXTERNAL TARK
CONSTANT SET 522

23

24

25

26

z7

28

29

30

3z

32

33

34

35

36

37

38

39

4o

42

T/c

825 •3_5

826 .35

828 .36

829 .365

83o •37

831 •375

832 .38

833 .39

83_ .4o

835 .50

836 .6o

837 .70

838 .80

839 .90

84O .23

84Z .25

8_ .;'7

873 .oF

8"i'_, .o8

875 .zo

876 .15

270

L

i

IF

292.5

82



TABLE IV. _IIERMOC(EPLE CONSTANT SETS (Continued)

T/c

877

878

879

880

881

882

883

884

885

886

887

933

934

935

936

937

938

939

9_o

9_I

942

x#

.20

.35

.40

.50

.55

.60

.65

.70

.75

.80

.8_

.926

•415

.42

.425

.h3

•445

.45

.50

.60

315

EXTERNAL TANK
CONSTANT SET 522

NO.

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

8o

81

82

83

84

I

• /c x/L i

943 .70

944 .80

945 .35

946 .36

947 .37

948 .375

949 •38

950 .385

951 .39

952 •395

953 .4O

954 .4o5

955 .41

956 .415

957 •

958 .425

959 .43

960 .

961 .h45

962 •45

2072 .

343.1

348

l
I

36.32

83



TABLE IV.

CH. T/C
NO.

85 2073

86 2074

87 2075

88 2076

89 2077

90 2078

91 2079

92 2080

93 208l

94 2082

95 2083

96 2084

97 2085

x/I,

._5

.b,3

.b,35

•45

.6o

.65

.25

.30

.375

.4O

.43

.45

.60

_HERMOCOUPLE CONSTANT SETS (Concluded)

EXTERNAL TARK

C0NSTART SET 522

36.32

33.75

84



TABLE V. EQUATIONS FOR CA_TI]_ LOCAL SURFACE
ANGLE OF ATTACK O_ _HE ORBITER MODEL

ORBITER _EBMOC(EPLE EQUATION FOR

I_%[BERS CA/EUIATII_ 8

169 - 201

23_ - 280

202 - 230

281 - 292

293 - 339

6 =k+_
.I

-- _.OL m

8 = A+YAW

85



r"
0

i I:: 1:1, it;

r_
I£. (.._ t") ira 0

boa o

0 0

q) r_

r4 C',_ og t_.

! I !

B

t

I

--- " ___LI(L__/

2
i

I ,
I

\,J/
\1/

MR-- _,,

/

13

-, _ r •

K

_1/£ <_

0

0

\

_J

d
I

I

/'

I

I

.... __.Z.I

1
I

| •

I
I'
1
t
I,

I
I

I

I

tL

I\/
f \,

bO

-p

0

o

.._

86



10 °
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0.698-.._
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7.66
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All Dimensions in Inches

Figure 2. External tank nose tip configuration.
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